Abstract. Given its tumor-specific expression, including liver cancer, OY-TES-1 is a potential molecular marker for the diagnosis and immunotherapy of liver cancers. However, investigations of the mechanisms and the role of OY-TES-1 in liver cancer are rare. In the present study, based on a comprehensive bioinformatic analysis combined with RNA interference (RNAi) and oligonucleotide microarray, we report for the first time that downregulation of OY-TES-1 resulted in significant changes in expression of NANOG, CD9, CCND2 and CDCA3 in the liver cancer cell line BEL-7404. NANOG, CD9, CCND2 and CDCA3 may be involved in cell proliferation, migration, invasion and apoptosis, yet also may be functionally related to each other and OY-TES-1. Among these molecules, we identified that NANOG, containing a Kazal-2 binding motif and homeobox, may be the most likely candidate protein interacting with OY-TES-1 in liver cancer. Thus, the present study may provide important information for further investigation of the roles of OY-TES-1 in liver cancer.
Introduction
Surgical resection is the primary mode of choice in the treatment of liver cancer, while the 5-year recurrence rate after resection is as high as 35.4-43.5% (1) . The poor prognosis associated with liver cancer has prompted the identification and development of new diagnostic markers and therapeutic strategies. Immunotherapy is a potentially attractive option for patients with liver cancer. Cancer/testis (CT) antigens are potential immunotherapeutic targets in many types of cancers including liver cancer due to their expression pattern, which is restrictively expressed in the testes, yet aberrantly expressed by a variety of malignancies (2) (3) (4) (5) (6) (7) (8) . OY-TES-1 has been defined as the 23rd member of the CT antigen family, called CT23 (9) (10) (11) (12) . OY-TES-1 was originally identified to be the human homologue of pro-acrosin binding protein (ACRBP), a tyrosine phosphorylated protein related to capacitation, the sp32 precursor in mouse (13) . Spontaneous humoral response against OY-TES-1 has been detected in patients with different tumors including liver cancer (9) . An HLA-A24-binding OY-TES-1 peptide recognized by CD8 T cells was identified, and T-cell cytotoxicity was observed against an OY-TES-1 mRNA-expressing lung tumor cell line in vitro (14) . The above studies imply that OY-TES-1 is an attractive target for antigenspecific immunotherapy in cancers due to its immunogenic traits in humans (9, 14) . In another study in ovarian cancer cells, a mitotic spindle protein NuMA was identified as an ACRBPinteracting protein (12) . ACRBP depletion resulted in mitotic errors and reduced proliferative fitness that could be rescued by NuMA co-depletion. This indicates that ACRBP could normalize the perturbed mitotic infrastructure responsible for disease-promoting genetic variation. In our previous report, we demonstrated that OY-TES-1 was expressed in human mesenchymal stem cells (MSCs) at both the mRNA and protein levels, and downregulation of OY-TES-1 expression in these MSCs caused cell growth inhibition, cell cycle arrest, apoptosis induction and migration ability attenuation (15) . However, whether OY-TES-1 is involved in the biological function of liver cancer remains undetermined. In the present study, we applied bioinformatic analysis combined with a molecular biology assay to investigate the biological function and protein interaction of OY-TES-1 in liver cancer. Our data indicated that OY-TES-1 regulates biological processes of liver cancer cells via NANOG, CD9, CCND2 and CDCA3.
Materials and methods

Motif and domain-domain interaction analysis.
The motif analysis of OY-TES-1 protein was performed with SSDB Motif Search in Kyoto Encyclopedia of Genes and Genomes (KEGG) online database (http://www.kegg.jp/). The protein domain interactions were analyzed by DOMINE online database (16) (http://domine.utdallas.edu/cgi-bin/Domine) and the Pfam protein families database (17) , respectively. KEGG is a database resource for understanding high-level functions and utilities of the biological system from molecular-level information, particularly large-scale molecular datasets generated by genome sequencing and other high-throughput experimental technologies. With KEGG motif search, a domain of unknown function with peptide fragment usually can be found (18) . DOMINE is a database of known and predicted protein domain (domain-domain) interactions, which are predicted by 13 different computational approaches using Pfam domain definitions. DOMINE contains a total of 26,219 domaindomain interactions (among 5,410 domains) out of which 6,634 are inferred from PDB entries, of which 2,989 interactions are high-confidence predictions (HCPs) (16, 17) .
Co-expressing gene analysis in liver cancer through ONCOMINE. To identify significant OY-TES-1-co-expressing genes in liver cancer, we searched for all relevant, publically available microarray datasets in online cancer microarray gene expression database, ONCOMINE (https://www.ONCOMINE. org/resource/main.html) (19) . ONCOMINE database is a bioinformatics initiative aimed at collecting, standardizing, analyzing and delivering cancer transcriptome data to the biomedical research community. The analysis has identified the genes, pathways and networks deregulated across 18,000 cancer gene expression microarrays, spanning the majority of cancer types and subtypes (19) . As there are often many hundreds of tumor samples/microarrays within a single multi-array result from co-expressing genes can be analyzed. ONCOMINE database provides a potentially significant list of co-expressing genes, which is important to define pathways in which the gene of interest is involved (20) .
Co-expressing gene annotation through gene ontology (GO)
annotator. GO annotator uses text-mining methods to extract GO terms from scientific studies and provides this information along with a GO term from an uncurated annotation; thus, it provides not only facts but also their evidence (21) . Based on the GO annotation, we searched each proliferation, migration, invasion or apoptosis GO term for the genes with high correlation and frequency to OY-TES-1 co-expression in the GO database.
Co-expressing gene literature co-occurrence through COREMINE and PubMed. The OY-TES-1-co-expressing genes with GO terms of cell proliferation, adhesion, migration and apoptosis in liver cancer were fed to a literature co-occurrence tool-COREMINE online tool (http://www.coremine.com/ medical/#search) (22) . COREMINE medical is a gene/protein database and web-based tool for literature mining. It develops automated extraction of experimental and theoretical knowledge of biomedicine from publicly available gene and text databases to create a gene-to-gene co-citation network for human genes in MEDLINE records (22) . The systematic search of the literature was performed with PubMed for studies addressing association among liver cancer, OY-TES-1 and OY-TES-1 interacting proteins.
Oligonucleotide microarray analysis combined with R NAi. OY-TES-1 was downregulated in the liver cancer cell line BEL-7404 using small interfering RNA (siRNA) with X-tremeGENE siRNA transfection reagent (Roche Diagnostics). OY-TES-1 siRNA and a scrambled siRNA were synthesized by Shanghai GenePharma Co., Ltd. The sequences of the siRNAs and experimental procedure were previously described by Cen et al (15) . Total RNA extracted from non-siRNA-treated cells and siRNA-OY-TES-1-treated cells was used for genome-wide expression analysis with the Human Whole Genome 6x44K Microarray (Agilent Technologies, Inc., Santa Clara, CA, USA) according to the manufacturer's protocol (23) . Data quality check and analysis were conducted using SBC analysis system (Agilent Technologies). p-value was calculated when duplicates were used in the experiment, and differentially expressed genes were selected by p-value (<0.05) (24) .
Generation of biological interaction network through
GeneMANIA. Candidate genes selected from the oligonucleotide microarray assay above were fed into a curated protein interaction network system-GeneMANIA (http:// www.genemania.org/), which is a fast web-based tool and database for predicting gene function based on multiple networks derived from different genomic or proteomic data/ sources with great accuracy (25) . With the GeneMANIA a gene/protein-gene/protein interaction network of OY-TES-1 was generated.
Results
Four motifs were identified in OY-TES-1. Following a search for 'OY-TES-1ʼ in the KEGG online database, four motifs, Kazal-1 and -2, PBP-sp32 and TFIIF-α, were found in human OY-TES-1 on the dataset of hsa:84519 (Table I ; Fig. 1 ). The Kazal motif contains two patterns, Kazal-1 and -2. The amino terminal segment of both Kazal motifs can bind to the active site of target proteases resulting in functional inhibition ( Table I ). The family of Kazal-1 inhibitor proteins inhibits serine peptidases of the S1 family, such as trypsin and elastase (26, 27) , while the family of Kazal-2 inhibitor proteins inhibits serine peptidases of MEROPS, such as I1, I2, I17 and I31. However, Kazal-like domains are also seen in the extracellular part of agrins, which are unknown to be protease inhibitor (28) . TFIIF-α, a subunit of transcription initiation factor IIF, or RNA polymerase II-associating protein 74 (RAP74) is the large subunit of transcription factor IIF. By interacting with the proteins containing interacted motifs as summarized in Table I , TFIIF-α plays an essential role in accurate initiation and stimulates elongation by RNA polymerase II (29) . PBP-sp32 is a sperm-specific domain involved in packaging acrosin zymogen into acrosomal matrix (30) . In general, OY-TES-1 interacts with the proteins containing TFIIF-α, Kazal-1 and -2 motifs or the proteins containing the interacted motifs of these 3 motifs. Thus, through these interactions, OY-TES-1 may perform its functions in regulating the biological behavior of tumor cells.
Sixty genes were found to co-express with OY-TES-1 in liver cancer.
To investigate OY-TES-1-co-expressing genes in liver cancer, we queried the ONCOMINE database using Table II , 60 genes were co-expressed with OY-TES-1 at least in 5 of 9 datasets mentioned above, and the correlation between those genes and OY-TES-1 was >0.900.
Nine OY-TES-1 co-expressing genes may regulate biological processes. As the 60 genes identified above showed a correlation with OY-TES-1, we further predicted their function through GO annotator and COREMINE online tool search. As listed in Table III , we identified 9 genes: CD9 molecule (CD9), cyclin D2 (CCND2), CD27 molecule (CD27), cell division cycle-associated protein (CDCA3), inhibitor of growth family, member 4 (ING4), lymphotoxin-β receptor (LTBR), homeobox transcription factor Nanog (NANOG), nucleolar protein 2 homolog (NOP2) and tumor necrosis factor receptor superfamily, member 1A (TNFRSF1A). These genes are involved in cell proliferation, adhesion, migration and/or apoptosis.
Eight OY-TES-1 co-expressing genes are co-occurring in liver cancer. According to the above search, 9 of the co-expressing OY-TES-1 genes are involved in the biological behavior of cells, but whether they are related to liver cancer remains unknown. Thus, these 9 genes and OY-TES-1 were further fed to COREMINE online tool search using 'liver carcinomaʼ as a key word. As shown in Fig. 2 , co-occurrence with liver cancer was demonstrated for OY-TES-1 and 8 of the 9 genes except for CDCA3, and these 8 genes also co-occur with each other. Among those 8 genes, CD27, ING4, LTBR and TNFRSF1A are known to be involved in apoptosis; CD27 negatively regulates the apoptotic process (31-34), while ING4 (35-37), LTBR (38) and TNFRSF1A (39) positively regulate the apoptotic process. CD9 is also considered to regulate migration and adhesion of cells (40, 41) . In addition, CD9 and ING4 are thought to negatively regulate cell proliferation (35, 44) . The others, CCND2 (45-51), NANOG (52-54) and NOP2 (55,56), positively regulate cell proliferation. With regard to CDCA3, a G 1 phase controlling gene which prevents G 1 arrest, there is no current literature that shows that it is involved in liver cancer. However, considering that CDCA3 has a high expression frequency and a high co-expression correlation with OY-TES-1 in liver cancer datasets, further investigation of CDCA3 is needed. To date, there is no report of the involvement of OY-TES-1 in apoptosis, migration, adhesion and cell proliferation of liver cancer. We here demonstrated that OY-TES-1 is co-expressed with 9 genes (CD9, CCND2, ING4, CDCA3, NANOG, NOP2, CD27, LTBR and TNFRSF1A) with a high correlation and frequency, inferring that OY-TES-1 may be involved in the cell adhesion/migration regulated by CD9, cell proliferation mediated by CD9, CCND2, ING4, CDCA3, NANOG and NOP2, and apoptosis modulated by CD27, ING4, LTBR and TNFRSF1A in liver cancer, respectively.
Four candidate genes are significantly altered by OY-TES-1 downregulation. As the above results identified 9 OY-TES-1-co-expressing genes with functions of cell proliferation, adhesion, migration and/or apoptosis, we further screened an oligonucleotide microarray following OY-TES-1 downregulation in a liver cancer cell line. It was found that a total of 8,870 genes were significantly altered (p<0.05) in the siRNA-OY-TES-1-treated cell as compared with the control. Notably, these 9 OY-TES-1 co-expressing genes (CD9, CCND2, CDCA3, NANOG, ING4, NOP2, CD27, LTBR and TNFRSF1A) revealed a differential expression profile. CD9, CCND2 and CDCA3 were upregulated, whereas NANOG was downregulated. Another 5 genes had no expression change (p>0.05, Table Iv ). Furthermore, after searching the motif of CD9, CCND2, CDCA3 and NANOG in SSDB, DOMINE and Pfam database, an interacted motif of Kazal-2 contained in OY-TES-1, homeobox, was found in human NANOG on the dataset of hsa:79,923 (Table I ; Fig. 1 ). Therefore, NANOG may be considered as the most likely candidate protein interacting with OY-TES-1 in liver cancers.
OY-TES-1 may be functionally related to NANOG, CD9, CCND2 and CDCA3 by various interactions.
Due to the unclear functions of OY-TES-1 and its co-expressing proteins, OY-TES-1, NANOG, CDCA3, CD9 and CCND2 were fed into GeneMANIA to predict their functions and interactions. As shown in Fig. 3 , OY-TES-1, NANOG, CD9, CCND2 and CDCA3 were co-expressed, co-localized, physically and genet- ically interacted, and/or shared protein domains and pathways with each other and a number of other proteins, such as CCND3, CDK4, CDK6, CD44, ITGA2, ITGA3, ITGB1, ESRRB, EGR1, PITX2, REST, CDKN2C and WEE1 (Table v) . Therefore, it can be suggested that OY-TES-1, NANOG, CDCA3, CD9 and CCND2 may be functionally related. Although OY-TES-1 was considerably less interactive with other proteins involving in cell proliferation, adhesion, migration and apoptosis in comparing the results, it contains a Kazal-2 domain that could bind with the homeobox domain shared by NANOG and PITX2. Thus, we added interactions between OY-TES-1, NANOG and PITX2, and predicted these interactions with cell proliferation, adhesion, motility and apoptosis in liver cancer. Based on the annotated functions in accordance with the GeneMANIA network, OY-TES-1, NANOG, CD9, CCND2 and CDCA3, along with other proteins listed in Table v , may play important roles in the regulation of cell adhesion, the cell cycle, kinase activity, apoptosis (or anoikis) and DNA binding.
Discussion
Functional prediction of genes/proteins based on bioinformatic analysis is a feasible and valuable technique for the mining of gene/protein functions, and many large-scale networks of protein interactions within the cell have made it possible to multi-dimensionally study the functions in the context of a network (57) . Thus, mining and exploring potentially OY-TES-1-interacting genes via bioinformatic methods would be a first, necessary, feasible and reasonable way to reveal its function in liver cancer. Based on the motif, co-expression profile, GO and literature co-occurrence analysis, we found 60 genes to be co-expressing with OY-TES-1 in liver cancer, and 9 out of 60 of these genes are involved in cell proliferation, adhesion (migration) and/or apoptosis. OY-TES-1 and 8 out of 9 genes were found to co-occur in liver cancer, and these 8 genes co-occur with each other. Furthermore, with RNAi and oligonucleotide microarray analysis, we confirmed that, of these 9 genes, expression of CD9, CCND2 and CDCA3 was significantly increased, and NANOG was markedly decreased. The expression levels of the other 5 genes did not change when OY-TES-1 was suppressed in liver cancer cells (p>0.05, Table Iv) . GeneMANIA network analysis demonstrated that OY-TES-1, NANOG, CD9, CCND2 and CDCA3 were co-expressed, co-localized, physically and genetically interacted and/or shared protein domains and pathways with each other (Fig. 3) . Annotated functions (Table v) suggested that OY-TES-1 may 
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Both CCND2 and CDCA3 are G 1 phase controlling genes. CCND2 overexpression is associated with the tumorigenesis and progression of various types of cancers including liver cancers by affecting the cell cycle, particularly in the G 1 phase (G 1 cell cycle transition) with G 1 CCND2/cyclin-dependent kinase (CDK)4 (or 6) complexes (58) (59) (60) (61) . Exhibiting a difference with CCND2, CDCA3 can increase the capacity of proliferation by preventing G 1 arrest via decreased expression of the CDK inhibitor (CDKI) (62, 63) . In the present study, downregulation of OY-TES-1 in BEL-7404 cells was accompanied by an increase in CCND2 and CDCA3 as well as their interacting genes CCND3 and CDK6 (p<0.05, Table Iv, Fig. 3 ), which are able to accelerate cell proliferation by promoting G 1 /S transition, CDK activity regulation or cyclin/CDK complex formation (60, 61, 64) . However, as a negative regulator of entry into mitosis (G 2 to M transition) (65), WEE1 was significantly increased (p<0.05) ( Table Iv, Fig. 3) ; the other cell cycle involved genes CD4 and CDKN2C were not altered (data not shown). Therefore, it is reasonable to infer that downregulation of OY-TES-1 may accelerate the cell cycle and promote proliferation in liver cancer cells through increased expression of CCND2, CDCA3 and their interacing genes CCND3 and CDK6.
CD9 and NANOG are also thought to be associated with the malignant behavior of cells. The absence and low expression of CD9 in small cell lung cancer may contribute to the highly invasive and metastatic phenotype, while ectopic expression of CD9 reduced cell proliferation and motility, attenuated metastasis (66, 67) and promoted apoptosis (68, 69) . Therefore, CD9 has been regarded as an important tumor progression suppressor (70) . To date, there is paucity in the research of the correlation between CD9 and liver cancer. As regard to NANOG, it is one of the most important core markers of cancer stem cells (CSCs) due to its capacity to maintain pluripotency, regulate proliferation and prevent differentiation (71, 72) . NANOG-positive CSCs in liver cancer exhibit drug resistance and a high capacity for tumor invasion and metastasis (73, 74) . The same situation is present in other cancers. For example, upregulation of NANOG enhances malignant behaviors in esophageal cancer (52, 75) ; adversely, its downregulation causes inhibitive effects on ovarian and gastric cancer (76) . Here, we demonstrated that suppression of OY-TES-1 in a cancer cell line significantly increased expression of CD9 and its interacting genes (CD44, ITGA2, ITGB1 and ITGA5), which negatively regulate proliferation and migration in cancer cells (40) (41) (42) (43) . Meanwhile, we also found a decrease in NANOG and elevation in EGR1 which interacts with NANOG ( Fig. 4 ; Table Iv ). EGR1 is thought to be a cancer suppressor (77) . There was no change in the other genes listed in Table v , which are involved in cell differentiation and proliferation and are related with CD9 or NANOG. Notably, in the present study downregulation of OY-TES-1 in liver cancer cells caused two opposite effects, namely, promotion of cell proliferation with increase in CCND2 and CDCA3, and inhibition of cell proliferation with CD9 upregulation and NANOG downregulation. Therefore, it was speculated that OY-TES-1 may play multiple roles in liver cancer. Experiments should be conducted to elucidate the function of OY-TES-1 with CD9, NANOG, CCND2, CDCA3 and their interacted proteins in the future. Collectively, as shown in Fig. 5 , we first report that OY-TES-1 suppression results in significant expression changes of its co-expressing genes, CCND2, CDCA3, CD9 and NANOG. As it contains a Kazal-2-interacting motif, homeobox, NANOG may be considered to be the most likely candidate protein interacting with OY-TES-1 in liver cancer. Thus, the present study may set the stage for further investigation of the role of OY-TES-1 in liver cancer. 
